Aims: To determine the agreement between clinical and necropsy diagnoses of the basic cause of death, and to compare the results with those obtained in a previous study carried out at the same university hospital. Methods: In total, 4828 necropsies, performed between 1990 and 1995 in the University Hospital of the Faculty of Medicine of Ribeirão Preto, University of São Paulo, Brazil, were reviewed. Examinations were concluded at the macroscopic part of the necropsy in nearly 35% of the cases. Statistical analysis was carried out using the k coefficient comparing the clinical diagnosis and the diagnosis obtained after necropsy. The jackknife method was used to identify comparable k values for the comparison of the two periods. Results: Compared with the 1978-80 period, a significant increase in diagnostic agreement was seen for the group submitted to complete necropsy, whereas no similar increase was detected when only the macroscopic step was analysed.
S
ince the publication of a study that related deaths to alterations in normal anatomy, 1 necropsy has been established as an effective method to identify new nosological entities and to improve the investigation of known pathological diseases. 2 3 In addition to diagnostic and therapeutic errors, various diseases and their mechanisms have been established since then, and therapeutic methods have been developed based on postmortem data. 4 Although necropsies are thought to be of crucial importance for medical teaching and for insuring the quality of medical care, 5 a decline in the number of necropsies has been reported in several hospitals. [6] [7] [8] [9] [10] The diagnostic process is a complex interaction between knowledge, abilities, and technical procedures under conditions of uncertainty. 11 The technology available for diagnostic procedures has made great advances during the past few decades, particularly in terms of resources for diagnostic imaging techniques, such as computed tomography, ultrasonography, and nuclear magnetic resonance. However, these new technologies have also contributed to false positive and false negative diagnoses. 12 Considering necropsy as the gold standard for diagnostic confirmation, studies carried out during the past 20 years have shown important disagreement and have failed to show a significant increase in diagnostic agreement in the assessment of pathologies, groups of pathologies, groups of patients (neonatal, paediatric, elderly, and psychiatric patients), or even different locations, such as intensive care units and hospitals affiliated or not with a university. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] ''The technology available for diagnostic procedures has made great advances during the past few decades, particularly in terms of resources for diagnostic imaging techniques'' Another relevant aspect concerns the mortality statistics obtained from death certificate data. The accuracy of this information should be assessed and some studies have already demonstrated severe inaccuracies in death certificates. [24] [25] [26] The aim of our present study was to determine the diagnostic agreement between clinical and necropsy diagnoses, and the role of macroscopic analysis in postmortem examination. On the basis of the results obtained, we also intended to assess the trends of accuracy of the clinical diagnoses made at our institution by comparing the results with those obtained in a similar study carried out during the period from 1978 to 1980. 27 
MATERIALS AND METHODS
Providing medical care at the primary, secondary, tertiary, and emergency level, the University Hospital of the Faculty of Medicine of Ribeirão Preto, University of São Paulo (HCFMRP-USP), Brazil, is a public teaching hospital and considered to be a reference centre, where a high proportion of those patients who die are submitted to necropsy.
Necropsies carried out at HCFMRP-USP during the period from 1990 to 1995 were analysed. Our study was approved by the research ethics committee of the institution. Necropsies were performed by trainee pathologists, under direct supervision of the teaching staff of the department of pathology. Necropsies are not carried out until the medical chart of the deceased and the necropsy request are available. This request contains a clinical/laboratory resume and the International Model of Death Certificate, which has been filled out by the clinician.
The basic cause of death was identified within the sequence of morbid events based on three sources: necropsy request (clinical diagnosis), death certificate filled out after macroscopic examination (macroscopic diagnosis), and the necropsy report, including histological, biochemical, and serological tests, which were necessary for the identification of the main disease responsible for the process that resulted in death (final diagnosis).
Each diagnosis was coded according to the categories of three characters of the 10th manual of the International Classification of Diseases (ICD-10). 28 The data obtained were grouped according to the 21 categories of diseases of the ICD (table 1) . Still births, fetal deaths, and deaths of children aged less than 1 year were excluded from the analysis.
The population analysed was divided into three groups: group 1, comparison of the basic cause of death based on the necropsy request and that obtained after macroscopic examination; group 2, comparison of the clinical diagnosis and the final one, which includes complementary investigations, such as microscopy; and group 3, comparison of the macroscopic step with the final diagnosis.
The k coefficient of agreement was calculated to compare the degree of diagnostic agreement between the groups. We regrouped the diagnoses according to the ninth revision of the ICD. 29 The data were then compared statistically with those from 1978-80, 27 using the jackknife method for the comparison of two independent k values, except for group 3, because this comparison was not performed in the previous study.
RESULTS
In total, 8443 deaths occurred at HCFMRP-USP between 1990 and 1995, with 77.75% of those who died being submitted to necropsy. Among them, in addition to the categories excluded from our study as mentioned earlier, there were several cases for which public organisations other than the HCFMRP-USP were responsible as a result of legal requirements, such as the Legal Medicine Institute, even though the death had occurred at our hospital.
For the remaining 4828 necropsies, the three diagnoses were not available for all cases. Examinations were concluded at the macroscopic part of the necropsy in almost 35% of the cases. Another factor for the lack of diagnostic data was failure to fill out the documents or inability to read the diagnosis because it was written in an illegible manner.
For group 1 (4491 cases), the k coefficient of agreement was 0.679, with a variance of 3.62 6 10 25 ; for group 2 (2901 cases), k was 0.645, with a variance of 5.67 6 10 25 ; and for group 3 (3096 cases), k was 0.915, with a variance of 5.69 6 10 25 . The results obtained for each group are presented according to the distribution of the diagnoses within the different ICD-10 categories, and are shown in tables 2-4.
Regrouping of the present data according to the disease categories of the ninth revision of the ICD (table 5) permitted statistical comparison between these independent variables using the jackknife method to identify comparable k values for the comparison of the two periods (table 6). Table 7 shows a comparison of the sensitivity and specificity for group 2.
DISCUSSION
In our present study, diseases of the circulatory system were found to be the main cause of death (1573), followed by neoplasms (790), and infectious and parasitic diseases (414), as stated in the death certificate. This finding characterises HCFMRP-USP as a reference centre in the region with a large number of deaths caused by cancer; however, it should be emphasised that no data were computed regarding the many deaths caused by AIDS, which would belong in the category of infectious and parasitic diseases as basic cause of death, because the pathology service of the hospital did not carry out a necropsy on most of these patients during our study period.
Analysis of the levels of agreement between the groups showed a lower k value for group 2 than for group 1, which might be explained by the easier detection of discordant findings when a more rigorous method of analysis is used.
The level of agreement between macroscopic diagnosis and the final diagnosis after microscopic examination was highly significant (0.915). The pathology service of HCFMRP-USP frequently uses this type of examination, which is only disregarded when the macroscopic findings make the diagnosis obvious. This is because we are a teaching hospital, and microscopic examination is carried out routinely in many cases. Nevertheless, despite an apparent high rate of agreement between macroscopic and microscopic findings, only microscopic examination revealed the tendency towards improvement in the level of diagnostic agreement seen in our study.
Zaitoun and Fernandez 30 also showed that histological examination significantly contributed to the final diagnosis in 5% of their series, whereas other minor pathological findings contributed in 6% of their cases.
By regrouping the diseases according to the ninth revision of the ICD, we also compared, as suggested by Saracci, 31 the diagnostic sensitivity of complete necropsy. The results showed that most comparable groups maintained almost the same level of diagnostic sensitivity. The following sensitivity rates were observed for the categories with the largest numbers of deaths: diseases of the circulatory system (74.1% in the previous study v 75.3% in our present study), neoplasms (81.6% v 81.6%), and infectious and parasitic diseases (59.4% v 61.4%). It is worth mentioning that the sensitivity for the last category might increase if necropsies of patients with a diagnosis of AIDS were carried out and computed-this diagnosis as a basic cause of death shows a higher chance of agreement because our hospital is a reference centre in the region for the follow up of these patients. Some categories of the ICD showed a lower diagnostic sensitivity than others, especially category 18 (symptoms, signs, and abnormal findings upon clinical and laboratory examination not classified elsewhere). On the basis of the description of this category, it is assumed that an exact diagnosis was not made, but that only alterations produced by the disease were considered, represented by clear examinations, signs, and symptoms.
With respect to improvement in diagnostic sensitivity, a significant increase from 38.6% to 61.3% was observed for the category of mental and behavioral disorders, a finding mainly demonstrating the concern of clinicians to include chronic alcoholism as a basic cause of death. In the category of respiratory diseases, diagnostic sensitivity increased significantly from 35.7% to 76.6%. This is because of the greater care in excluding non-specific pneumonia as a basic cause of death, in addition to the significant improvement in diagnostic procedures during the past few years. A significant increase in sensitivity from 37% to 60% was also seen for the category of congenital malformations, deformities, and chromosome aberrations, indicating improvement in the assessment of these cases, in addition to the diagnostic procedures used in this area.
A decrease in diagnostic sensitivity was seen for the category of diseases of the osteomuscular system and connective tissue (81.8% to 50.0%). This finding probably Table 2 Distribution of patients who died at HCFMRP-USP from 1990 to 1995 according to the 21 diagnostic categories of the ICD-10 based on the basic cause of death on the CD and that obtained after MD reflects the small number of deaths in this group (five each year) and is associated with inadequate reporting of the basic causes of death, because in various cases respiratory problems were classified as the direct cause of death. A decrease (71.4% to 58.9%) in diagnostic sensitivity, although not highly significant, was also seen for diseases of the genitourinary tract. Improvement in the level of agreement with the final diagnosis was seen compared with that found in a study carried out in our hospital at the end of the 1970, 27 which was not the case when the diagnoses on the death certificates were compared.
This tendency towards improvement in the level of diagnostic agreement has rarely been reported in the literature, as shown by Sonderegger-Iseli et al and Tsujimura and colleagues 11 32 This trend was seen in our pathology service as a result of an improvement in the assessment of the basic cause of death by clinicians, which was especially evident with respect to chronic alcoholism as the basic cause. It should be mentioned, however, that advances in diagnostic techniques might also influence this tendency. However, this improvement seems to be small in view of the many advances that occurred during the 1980s and at the beginning of the 1990s. Therefore, it is important to emphasise that disagreements continue to occur, as shown in several studies. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In this respect, each procedure that helps in the analysis of diagnostic discrepancies should be emphasised. Our findings show that microscopic analysis remains important to establish or confirm the cause of death in many cases. Further studies are necessary to discern those situations in which microscopic analysis is most useful.
Quality control is a highly important objective in health care and one of the main reasons why necropsy continues to be essential for improving medical care. 34 Necropsy continues to be the gold standard for the determination of the cause of death and associated diseases, and is necessary for the assessment of quality of care in health services. It should be Table 4 Distribution of patients who died at HCFMRP-USP during the period from 1990 to 1995 according to the 21 diagnostic categories of the ICD-10 based on the necropsy diagnosis of the basic cause of death obtained after MD and FD 
